Figure 1. Diagram of the MAP Kinase Pathways that Control the Mating Pheromone Response and Filamentous Growth in Saccharomyces cerevisiae
Mating-specific components are depicted in black, filamentation-specific components in gray, and shared components in blue. PAK, p21-activated kinase; MEKK, MEK kinase; MEK, MAP/ERK kinase; MAPK, mitogen-activated protein kinase.
fect on translational efficiency of the TEC1 mRNA as dation, we found that the myc-Tec1-T273M and -P274S mutants were completely resistant to pheromonedetermined by ribosome density measurements (MacKay et al., 2004) . . This analysis strains and strains expressing a kinase-dead allele, fus3-K42R. In these strains, pheromone had no effect on covered 39.5% of the protein sequence of Tec1 and demonstrated phosphorylation on T273 as well as phosmyc-Tec1 levels ( Figures 3A and 3B) , consistent with a model in which phosphorylation of Tec1 by Fus3 induces phorylation of four neighboring residues (S269, T276, T289, T297). In addition, phosphorylation was detected its degradation. In contrast, Tec1 destruction in response to pheromone was normal in cells lacking the of a second cluster of residues (S399, T401) as well as of S421 ( Figure 4C ). Figure 4D shows an MS/MS filamentation MAPK Kss1 ( Figure 3C) .
Among a set of previously isolated hyperinvasive alspectrum corresponding to fragment ions derived from a peptide parent ion dually phosphorylated at T273 and leles of TEC1, two affected the residues T273 and P274 Notably, we found that myc-Tec1 levels were unaffected in pheromone-treated cells lacking Dia2 ( Figure  5A ). Thus, Tec1 degradation in response to pheromone signaling requires a specific SCF-associated F box protein.
To rule out the possibility that dia2⌬ mutant cells fail to degrade Tec1 in response to pheromone because of a defect in the activation of Fus3 by phosphorylation, we monitored the phosphorylation of the activation loops of the Fus3 and Kss1 MAPKs in response to pheromone treatment of cells using an anti-ERK2 phosphospecific antibody that crossreacts with activated forms of Fus3 and Kss1 (Sabbagh et al., 2001). We found no effect of dia2⌬ on pheromone-induced phosphorylation of these MAPKs either in cells lacking ( Figure 5B ) or containing TEC1 (data not shown).
The Cullin subunit of yeast SCF is Cdc53, and its principal E2 is Cdc34. To determine whether these components were required for degradation of myc-Tec1, we analyzed the pheromone response in cdc53-1 ts and cdc34-2 ts cells at nonpermissive temperature ( Figures  5C, 5D , and 5E). Pheromone-dependent destruction of myc-Tec1 was abolished in these strains but not in the isogenic wild-type control strain. In this filamentationdefective strain background (W303), degradation of myc-Tec1 in the wild-type strain is considerably slower than in the filamentation-competent ⌺1278b strains used the experiments described above. Nonetheless, Figure 6C ). To further test the link between Tec1 pathway. Deletion of STE4 reversed the hyperactivation of FRE-lacZ seen in the TEC1 phosphoacceptor site degradation and crosstalk, we examined FRE-lacZ expression in dia2⌬ cells. We found that FRE-lacZ expresmutants, demonstrating that these residues are necessary to prevent crosstalk, but not filamentation signaling sion in dia2⌬ cells was STE4-dependent in the absence of pheromone and induced by pheromone treatment of ( Figure 6A ). In addition, upon pheromone treatment, a further increase in FRE-lacZ expression is seen in tec1-cells, further supporting the model that degradation is necessary to suppress crosstalk ( Figure 6D ). The basal T273M and tec1-P274S mutant cells, but not in wildtype cells ( Figure 6A) . expression levels of FRE-lacZ was lower in dia2⌬ cells compared to wild-type, suggesting additional roles for We also determined the effects of the Tec1 site mutants on the activity of a filamentation gene promoter, Dia2 the filamentation pathway. The tec1-T273M and tec1-P274S alleles were isolated that of the PGU1 gene, which encodes a secreted pectinase (Madhani et al., 1999). We found that while delepreviously as hyperinvasive mutants (Kohler et al., 2002). To determine whether this phenotype was due to a loss tion of STE4 had no effect on the expression of PGU1-lacZ, the tec1-T273M and tec1-P274S mutants caused of signaling specificity, we determined whether the hyperinvasive phenotype required STE4. Comparison of an increase in expression that was STE4-dependent ( Figure 6B ). Thus for both reporter genes, mutations in the invasive growth phenotypes of the tec1-T273M and tec1-P274S alleles in the presence and absence of STE4 the phosphoacceptor site in Tec1 that block degradation also produce crosstalk.
revealed that the hyperinvasive phenotype of the TEC1 phosphoacceptor site mutants requires pheromone Analysis of FRE-lacZ expression in the fus3⌬ tec1-T273M double mutant revealed no difference with the pathway signaling ( Figure 6E ). Our results demonstrate an inhibitory mechanism by fus3⌬ single mutant, supporting the notion that Fus3 and 
